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TITLE 

QUINIDINE CONJUGATES AND THEIR USE IN IMMUNOASSAYS 
FIELD OF THE INVENTION 
This invention relates to quinidine conjugates 
5 and their application to immunoassays for quantifying 
quinidine in a test sample, and, more particularly, to 
quinidine derivatives useful for raising anti- 
quinidine antibodies and for synthesis of conjugates 
with reporter reagents. This invention also relates 
10 to monoprotected hydrophilic diamine reagents useful 

for the synthesis of quinidine conjugates containing a 
hydrophilic linker. 

BACKGROUND ART 
Specific binding reactions, such as antibody- 

15 antigen interactions, have been used extensively in 
immunoassays to detect and/or quantify a variety of 
drugs or other compounds of interest present in 
biological fluids. Such immunoassays have been 
developed for the determination of polyvalent 

20 antigens, such as proteins, as well as haptens. 

Haptens are by definition molecules too small to 
stimulate the production of antibodies when 
administered to an animal; that is, haptens by 
themselves are not immunogenic. However, it is well 

25 known in the art that haptens can be made imunogenic 
by covalently attaching (conjugating) them to an 
appropriate carrier molecule. Administration of such 
an immunogenic conjugate to an animal generally 
elicits the production of a spectrum of antibodies, 

30 some of which are directed against antigenic sites 

(epitopes) native to the carrier and some of which are 
directed against the attached hapten molecules. 
Appropriate carriers commonly contain poly (amino acid) 
segments and include polypeptides, proteins and 

35 glycoproteins. Specific examples of useful carriers 
are keyhole limpet hemocyanin (KLH) , bovine serum 
albumin (BSA) , y-globulins and plant globulins (for 
example, pumpkin seed globulin) . 
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A variety of chemistries have been used for 
preparation of the immunogenic hapten-carrier 
conjugates necessary for raising anti-hapten 
antibodies. Since the native carriers generally 
5 contain a substantial number of lysine residues, each 
of which contains a reactive amine group, one 
particularly useful process utilizes the reaction of a 
hapten or hapten derivative containing amine-reactive 
functionality with the carrier. An important aspect 
10 of this approach is that hapten or hapten derivatives 
functional! zed with a carboxyl group are readily 
converted to an appropriate amine-reactive 
intermediate. 

Quinidine, the hapten of interest here, is a 
15 significant pharmacological compound- Its value as an 
antiarrhythmic drug was discovered through the chance 
observation that malaria patients with atrial 
fibrillation were occasionally "cured" of their 
arrhythmia while under treatment with these drugs. 



20 



CH 3 o 




Quinidine 

In the absence of liver and/or kidney disease, 
the biologic half-life of quinidine is about 6 hours. 

25 Part of the drug is excreted unchanged by the kidney 
and the remainder is metabolized by the liver to 
products that do not have antiarrhythmic activity. 
Quinidine affects the rate and rhythm of the heart 
through direct effects on the heart muscle and through 

30 indirect effects on the conduction system. Quinidine 
reduces the excitability, conduction velocity and 
contractility of the myocardium. 
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Quinidine frequently produces unwanted gastro- 
intestinal side effects, which are somewhat dose- 
related. Monitoring the plasma drug level provides 
information helpful in maintaining adequate 
5 therapeutic levels while minimizing undesirable side 
effects . 

However, native quinidine does not contain the 
amine-reactive functionality described above, so that 
it is necessary to synthesize an appropriate quinidine 
10 derivative. The C-10-O11 double bond present in 

quinidine offers a particularly attractive place to 
start . 

Kobayashi et al . (Journal of Polymer Science: 
Polymer Letters Edition, vol. 20, 85-90, Functional 

15 Polymers 9. Asymmetric Catalysis by New Cinchona 

Alkaloid Derivatives. Effect of C(3) Substituent On 
Asymmetric Induction, John Wiley and Sons, Inc., 
[1982]) disclose the synthesis of cinchona alkaloid 
derivatives having an organothio group at the C-ll 

20 position of quinidine. However, none of the 
derivatives prepared contained functionality 
appropriate to the objectives of the present 
invention . 

International PCT application having 

25 International Publication No. WO 91/16322, published 
October 31, 1991, and International PCT application 
having International Publication No. WO 93/07142, 
published April 15, 1993, disclose the use of 
quinidine and quinine derivatives as asymmetric 

30 hydroxylation catalysts. The compounds disclosed 

include a derivative cf quinidine in which the C-ll 
position of quinidine is derivatized with a sulfonyl 
or sulfonyl linkage as a critical control agent. 
Similarly, these derivatives do not contain 

35 functionality appropriate to the objectives of the 
present invention . 

Specifically, none of references cited mention or 
suggest the preparation or use of quinidine 
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derivatives for synthesis immunogenic conjugates or 
reporter reagents (e.g., particle reagents) useful in 
immunoassays for quinidine . 

There is a need for quinidine conjugates and 
5 their application to immunoassays for quantifying 
quinidine in a test sample and, especially, to 
quinidine derivatives useful for raising anti- 
quinidine antibodies to enable timely, precise 
monitoring of quinidine levels. 
10 SUMMARY OF THE INVENTION 

This invention has as one embodiment compounds 
having the structure I, which can also be represented 
as the internal salt II, or isolated as an external 
salt III: 

15 



ch 3 o 



S-(CH 2 ) x COOH 
CH2-CH2- -H 



e 




ch 3 o 



S-(CH 2 ) x COO 
CH 2 -CHo^ H 




II 



S- (CH 2 ) x COOH 




III 



20 where x is 1-2, and A- is an anion such as chloride 

ion, 4-toluenesulfonate ion, 3-mercaptopropionate ion, 
etc. When x = 2, the compound of structure I or II is 
designated 'QAD-l', an acronym for Quinidine Acid 
derivative, No. 1. A suitable chemical name for this 
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compound is is 11- (2 carboicyethylthio) dihydro- 
quinidine . 

A further embodiment is an immunogenic conjugate 
of the claimed compounds and a carrier, particularly 
5 where the carrier is selected from the group 
consisting of poly (amino acids), proteins and 
glycoproteins . 

A further embodiment is a conjugate of the 
claimed compounds and a reporter reagent . A reporter 
10 reagent is defined as a reagent that possesses some 

chemical or physical property that permits the amount 
of reporter reagent in a sample to be readily 
quanitifed. Latex particles, f luorophores, 
chemiluminescent substances , chromophores , radioactive 
15 substances and enzymes are common reporter reagents . 
In a properly configured assay, conjugates of a drug 
or other compound of interest and a reporter reagent 
can be used to relate the amount of drug in a sample 
with the amount of (readily measured) reporter reagent 
20 in the sample. 

A further embodiment is a conjugate of the 
claimed compounds and a reporter reagent, more 
particularly where the claimed compounds are 
conjugated to the reporter reagent via a hydrophilic 
25 linker. 

A further embodiment is a class of monoprotected 
hydrophilic diamines useful for the introduction of a 
hydrophilic linker seqment into conjugates of drugs 
and reporter reagents. 
30 A further embodiment of the invention is an 

immunoassay for determining the presence and/or amount 
of quinidine in a test sample, the steps in which are: 

(a) mixing together the reporter reagent 
comprising a conjugate of the claimed compound and a 

35 reporter, the test sample, and an agglutinating agent, 
and followed by 

(b) carrying out any known agglutination 
immunoassay format . 
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BRIEF DESCRIPTION OF the drawtw5s 
The invention will be more fully understood from 
the following detailed description, taken in 
accordance with the accompanying drawings, which form 
5 a part of this application and in which: 

Fig, 1 shows that mice immunized with various 
QAD-1 protein immunogenic conjugates produced anti- 
quinidine antibodies. This figure is more explicitly 
discussed in Example 3. 
10 F ig- 2 is plot of data from a turbity-inhibition 

test and shows that free quinidine in solution 
competes with particle-bound quinidine for a limited 
quantity of antibody. This figure is also discussed 
in more detail in Example 3, 
15 Fig, 3 shows a standard curve in a quinidine 

turbidimetric inhibition immunoassay. It is more 
explicitly discussed in Example 6, Part B. 

DESCRIPTION OF THE INVENT TON 

This invention relates to quinidine derivatives, 
20 immunogenic conjugates prepared therefrom, antibodies 
elicted by the immunogenic conjugates, conjugates of 
quinidine to reporter reagents, and their use in 
immunoassays . 

The invention is ultimately concerned with the 
25 preparation of two final reagents: anti-quinidine 

antibodies and quinidine-latex particles. Both final 
reagents are components of an assay system for 
determining the presence and amount of quinidine in 
body fluids . 
30 In the present invention, a carboxyl- 

f unctionalized quinidine derivative is synthesized by 
reaction of a thiol-f unctionalized carboxylic acid 
with the double bond located between atoms C-10-C-11. 
The addition of a thiol to a double bond using free 
35 radical chemistry is known. For example, the 

derivative designated QAD-1 is made by the free 
radical addition of 3-mercaptopropionic acid (3-MPA) 
to the quinidine double bond using 
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2, 2 1 -azobis (isobutyronitrile) (AIBN) as the initiating 
free radical source. The reaction can be visualized 
as taking place in several steps. In the scheme 
below, the dot represents an unpaired electron and 
5 QCH=CH 2 represents quinidine. 

1. Radical generation (initiation). 

CH 3 CH 3 a CH 3 

CH3 — (j: — N=N — C — CH3 2 CH3 — C- + N 2 

CN CN CN 

10 2. Radical transfer from carbon to sulfur, forming a 
thiol radical . 

CH3 CH3 

CH3 — C- + H — S CH 2 CH 2 COOH CH 3 — C— H + -SCH 2 CH 2 C00H 

CN CN 



15 3. Addition of thiol radical to the quinidine double 
bond. 

•SCH 2 CH 2 COOH + ^C=CH 2 CH 2 — SCH 2 CH 2 COOH 

20 4. Radical transfer from carbon to sulfur. 

^C-CH 2 — SCH 2 CH 2 COOH + H-SCH 2 CH 2 COOH *~ Q ^C-CH 2 — SCH 2 CH 2 COOH 

° QAD-1 

+ 

• SCH 2 CH 2 COOH 



5. The reaction now cycles many times through Steps 3 
25 and 4, converting the reactants to QAD-1 in 
satisfactory yield. 

The carboxyl-functionalized quinidine derivatives 
of the present invention can be conjugated with a 
carrier to produce an immunogen. A first step entails 
30 the converstion of the carboxyl group to an amine- 
reactive group. Methods for converting carboxyl- 
f unctionalized reagents to amine-reactive reagents are 
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well known to those skilled in the art. Formally/ the 
hydroxyl group in the carboxylic acid group is 
replaced with an electronegative or electron- 
withdrawing atom or group, so that a partial positive 
5 charge is induced on the adjacent carbonyl carbon 
atom. 

o o 
II II 

RC — OH RC— X 

10 Some structures of X that fulfill this requirement are 
shown in the following list: 

CI, Br, F Acyl halide 



15 



O 
II 

— O— CR' Anhydride or mixed anhydride 
NR' 

— O— C Isourea ester 

I 

NHR n 



20 



N(CH 3 ) 2 



Isouronium ester 



N(CH 3 ) 2 

e 

CF3SO3 




Formadinium ester 



0 — 



CH 3 — N ^ X N — CH 3 

^ J Dimethylimidazolium ester 
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Succinimidyl ester 




Sulf osuccinimidyl ester 




O— 
I 

N 
\ 

/ 



Benzotriazolyl ester 




6-Chlorobenzotriazolyl ester 



10 





O— 
I 

N 
\ 



N 



N 



N 6-Nitrobenzotriazolyl ester 



7-azabenzotriazolyl ester 




Oxobenzotriazinyl ester 



15 



© e 

-P[N(CH3) 233 BF 4 Acyl phosphonium mixed anhydride 
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Q 

, le /^| e 

> f N I bf 4 Acyl phosphonium mixed anhydride 



A ? V- 

|^N_p_ N ^^J Mixed phosphorus acid anhydride 




o 

\ 



/ P ~° Acyl P h °sphinate mixed anhydride 



O O 
II II 



-O— p-o ( p-o) n -H Mixed acyl pyrophosphate anhydride 

? ? 

R' R« 




N 3 Acyl azide 

J N Imidazolide 



rv- 



Imidazolium derivative 

ch 3 " e 



15 CF 3 Sof 



" n n n ©^- n— c ~ N(CH 3 ) 2 Acylimidazolium derivative 
CH 3 
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\ 



N Triazolide 




l-Methylpyridinium-2-yl ester 



0 2 N 




4-Nitrophenyl ester 



CI 



CI 




Trichlorophenyl ester 



CI 



10 



ei ci 
ci ci 

Tetrafluorophenyl ester 
F F 




15 



F F 
F F 



N0 2 



Pentaf luorophenyl ester 



Nitrosulfophenyl ester 
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5 




In the present instance, disuccinimidyl carbonate 
10 is used to convert QAD-1 to the amine-reactive 

succinimidyl ester, which is then reacted with the 
lysine (amine) groups in the carrier to provide an 
immunogenic conjugate (immunogen) . This immunogen can 
be used to elicit antibodies using known antibody 
15 producing and screening procedures. For example, the 
immunogen can be injected into appropriate animal 
hosts to stimulate the production of antibodies. The 
antibodies so produced can be harvested for direct use 
in specific binding reactions with the hapten or 
20 closely related analogs, or they can be first purified 
from animal serum by any of several known means, such 
as affinity chromatography. Alternatively the immune 
lymphocytes harvested from the injected host can be 
screened using the conjugates of this invention to 
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select those cells which are responsive to the 
immunogenic conjugate. These can then be fused with 
appropriate myeloma cells, to produce hybridomas that 
are capable of producing monoclonal antibodies. 
5 Methods of cell fusion, selection and proliferation 
are well known and are generally modifications to the 
procedures of Kohler et al., Nature, vol. 256, 495-497 
(1975) . Preferably, the antibodies of the present 
invention are monoclonal antibodies prepared using 
10 hybridoma technology. 

The anti-quinidine antibodies produced using the 
immunogenic conjugates of the present invention can be 
employed in any known immunoassay format utilizing the 
specific binding reaction between an antibody and its 
15 hapten to detect the presence and/or amount of free 
hapten in a test sample. Examples of such known 
immunoassay formats include homogeneous, 
heterogeneous, competitive and direct (non- 
competitive ) formats . 
20 A process of the present invention entails the 

coupling of the claimed compounds to a reporter 
reagent, particularly to latex particles. Preferred 
particles include those having a polystyrene core and 
a poly (glycidyl methacrylate) shell that has been 
25 cross-linked with ethylene glycol dimethacrylate . The 
preparation and use of such particles are described in 
U.S. Patent. No. 4,480,042, issued to Craig et al., 
and hereby incorporated by reference. The epoxide 
groups on the surface of these particles react readily 
30 with amines, thiols, etc., a property that can be 

utilized to attach various compounds of interest to 
the latex paticles. In particular, epoxide groups 
react with amine groups present in the hydrophilic 
diamine linkers used in the present invention. In 
35 this connection, it should be mentioned that latex 
particles functionalized with other amine-reactive 
groups— such as aldehydes, succinimidyl esters, and 
allylic or benzylic halogen compounds— are also 
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suitable for use as reporter reagents in the present 
invention . 

It is known to those skilled in the art that 
coupling two components of a conjugate pair by means 
5 of a highly hydrophilic linker (also sometimes 

referred to as a spacer or bridge) frequently improves 
the subsequent performance of conjugate in its 
intended function. Some examples of this effect are 
given in the following references: (a) W. A. Frey and 
10 D. M. Simons. Polyether polyamines as linking agents 
for particle reagents useful in immunoassays. US 
4,581,337, April 8, 1986/ (b) D. M. Simons, S. Y . 
Tseng and D. M. Obzansky. Method for specific binding 
assays using a releasable ligand. U.S. 5,332,679, 
15 DuPont, July 26, 1994; (c) E. Akerblom, M. Dohlsten, 
C. Bryno, M. Mastej, I. Steringer, G. Hedlund, P. 
Lando and T. Kalland. Preparation and 
characterization of conjugates of monoclonal 
antibodies and staphylococcal enterotoxin A using a 
20 new hydrophilic cross-linker. Biocon jugate Chem. 4: 
455-466 (1993); (d) E. Huber, D. Zdunek, C. Klein and 
R. Schenk. Hapten-Biotin-Kon jugate und Ihre 
Verwendung. EP 0 451 810 Al, April 10, 1991 
(Boehringer Mannheim) . It is postulated that the 
25 beneficial effects arise from a combination of two 
factors: decreased steric hindrance and low non- 
specific, non-covalent interaction of the hydrophilic 
linker with hydrophobic areas present in one or the 
other of the components of the conjugate or in other 
30 reagents which may added subsequently. In the present 
instance, the use of such a hydrophilic spacer 
improves the precision and accuracy of the quinidine 
assay . 

Di- or polyamine reagents containing oxyethylene 
35 units are particularly suited for use as hydrophilic 
linkers. Some specific examples are: 
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H 2 NCH2CH 2 OCH 2 CH20CH2CH 2 NH2 . 
1, 8-Diamino-3, 6-dioxaoctane 
DuPont code name: DA-10: 
Trade name: Jeff amine EDR-148 
5 Manufacturer or source: Texaco Chemical Co. 

pKa (both amine groups are the same): 9.4 

H2NCH2CH2CH2OCH2CH2OCH2CH2CH2NH2 

1 . 10- Diamino-4 , 7-dioxadecane 
10 DuPont code name: DA-12 

Manufacturer or source: Tokyo Kasel, Inc., 

911 N. Harborgate St., Portland, OR 
pKa (both amine groups are the same): 9.98 

15 H 2 NCH2CH20CH2CH20CH2CH20CH2CH 2 NH 2 

1. 11- Diamino-3, 6, 9-trioxaundecane 
DuPont code name: DA-13 

Trade name: Jeff amine EDR-192 
Manufacturer or source: Texaco Chemical Co. 
20 pK a (both amine groups are the same): 9.4 

H 2 NCH 2 CH 2 OCH2CH 2 0CH 2 CH 2 0CH 2 CH 2 NH2 
1, 13-Diamino-4, 7, 10-trioxatridecane 
DuPont code name: DA-15 
25 Manufacturer or source: Fluka 

pKa (both amine groups are the same): 10.02 

In the DuPont code names for the above materials, 
"DA" signifies diamine and the number indicates the 

30 number of atoms in the chain exclusive of the terminal 
hydrogen atoms. The lower non-specific, non-covalent 
intermolecular interaction inherent in molecules 
containing oxyethylene chains, relative to their all 
hydrocarbon analogs, manifests itself in the physical 

35 properties. For example, DA-10 is a liquid at room 
temperature, but its all-hydrocarbon analog, 
1, 8-diaminoactane, is a solid melting at 52°C. 

The quinidine-hydrophilic spacer-reporter reagent 
conjugates of the present invention can be prepared in 

40 several ways. For example, a 3-step process can be 
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used: (a) convert the carboxyi-f unctionalized drug 
derivative (such as QAD-l) to an amine-reactive 
derivative; (b) couple the amine-reactive drug 
derivative to one amine group of a hydrophilic 
5 diamine; and (c) contact the conjugate so prepared 
with an amine-reactive reporter reagent, thereby 
forming -the "desired drug-hydrophilic spacer-reporter 
reagent conjugate. Or, alternatively, (a) couple the 
amine-reactive reporter reagent and one amine group of 
10 a hydrophilic diamine; (b) convert the carboxyl- 

functionalized drug derivative to an amine-reactive 
derivative; and (c) combine the two reagents to form 
the desired drug-hydrophilic spacer-reporter reagent 
conjugate. In the process of the present invention, 
15 the carboxyl-functionalized QAD-l is converted to the 
amine-reactive succinimidyl ester by means of the 
reaction with disuccinimidyl carbonate. 

The two amine groups in each of the hydrophilic 
diamines described above have equal basicity, as 
20 reflected in the pK a values, and equal reactivity 

toward various amine-reactive reagents. The reaction 
of such diamines with a limited quantity of amine- 
reactive reagent always yields a mixture containing 
two reaction products plus unreacted diamine: 
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RC — X + n H2NCH2CH2OCH2CH2OCH2CH2NH2 

Amine-reactive Hydro phi lie diamine 

derivative 

O 
II 

RC— NHCH2CH2OCH2CH2OCH2CH2NH2 

Monosubstituted diamine (desired product) 
+ 

o o 

II II 

RC— NHCH2CH20CH2CH 2 OCH 2 CH 2 NH-CR 

Disubstituted diamine 
+ 

H2NCH2CH2OCH2CH2OCH2CH2NH2 
Unreacted diamine 

The mole-fraction of each of these components in the 
final reaction mixture is a function of the initial 
5 stoichiometry . The theoretical distribution of the 
products is shown in Table 1: 



TABLE 1 

Theroretical Product Distribution 
(mol-fraction) as a Function of St oichiometry 



Mole Ratio of 


1:1 


2:1 


3:1 


Reactants* : 








Component in Product 








Monosubstituted diamine: 


1/2 


3/8 


5/18 


Disubstituted diamine: 


1/4 


1/16 


1/36 


Unreacted diamine: 


1/4 


9/16 


25/36 



*Mole ratio of diamine to amine-reactive reagent 



That quantity of amine-reactive drug derivative 
10 converted to disubstituted diamine is generally lost. 
This can be a major problem when this derivative is 
very expensive or difficult to synthesize in quantity. 
The theoretical loss of drug derivative as a function 
of stoichiometry is shown in Table 2: 
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TABLE 2 

Theoretical Loss of Drug Derivative 
As a Function of stoirhin r f iry 



Mole Ratio 


of Reactants* 


Loss of Drug Derivative, % 




1:1 


50 




2:1 


12 .5 




3:1 


5.6 


*Mole ratio 


of diamine to 


amine-reactive reagent 



Product mixtures and the associated loss of 
valuable drug derivative can be avoided by carrying 
out the reaction of the amine-reactive drug derivative 
with a half-protected hydrophilic diamine, that is, 
with a hydrophilic diamine in which one amine group 
has been previously been blocked with a suitable 
protective group. Said protective group must remain 
intact during all conditions utilized in the reaction 
with the amine-reactive drug derivative, but must 
readily removable subsequently. In the present 
instance, tert-butoxycarbonyl (Boc) group has been 
found to be a satisfactory protective group. A 
process that provides the desired half-protected 
intermediate, free of both diprotected diamine and 
unreacted diamine, has been developed. The process 
entails the following successive steps: 

(a) Reacting di-tert butyl dicarbonate ('Boc 
anhydride 1 ) with excess hydrophilic 
diamine in an aqueous/organic medium in 
the presence of sodium hydroxide. 

(b) Removing of the organic solvent to 
convert the system to an essnetially 
aqueous phase* 

(c) Reducing the pH of the aqueous phase to 
a level that ensures that essentially 
all of the residual amine groups are in 
the protonated form. 
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(d) Extracting the aqueous phase with a 
water-immiscible organic solvent to 
remove nonbasic material. 

(e) Raising the pH of the aqueous phase to a 
5 level that ensures that half or more 

than half of the residual amine groups 
are present are in the unprotonated 
form. 

(f) Adding of salt to aqueous phase. 

10 (g) Extracting the aqueous phase with a 

water-immiscible organic solvent. 

(h) Separating the organic phase. 

(i) Removing the solvent from the organic 
phase to leave the desired product. 

15 An illustrative process for using the 

monoprotected diamine for synthesizing a 
drug— hydrophi lie spacer—reporter reagent conjugate, 
utilizing a the half-Boc hydrophilic diamine 
intermediate is as follows: 

20 (a) Convert the carboxyl-functionalized 

drug derivative to an amine-reactive derivative. 



RCOH + N-O-C— O — N + Et 3 N RC-O— N + N-0 HNEt 3 



25 (b) couple the amine-reactive drug 

derivative the free amine group of the monoprotected 
hydrophilic diamine . 



H O 
I li 

+ H 2 NCH2CH20CH2CH20CH 2 CH 2 N— C-O-C (CH 3 ) 2 + Et 3 N 







OH HO J( 

it i i ii r* \ © © 

RC— NCH2CH20CH 2 CH 2 OCH2CH 2 N— C-0-C(CH 3 ) 2 + N _ 0 HNEt 3 
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(c) Remove the protective group. 

OH HO 
RC~NCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 N~C~ C (CH 3 ) 2 + CF3COOH 



5 



O H 



RC-NCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 NH 3 + C0 2 + H 2 C=C(CH 3 ) 2 



e 

CF3C00 



(d) Liberate the free amine from the amine 



salt. 



o h 

I! I © 

RC-NCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 NH 3 + Base »» 

e 

CF 3 COO 

O H 

II I © e 

RC~NCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 NH 2 + Base:H ■+ CF3COO 

10 

(e) React the drug-hydrophilic linker 
conjugate so prepared with an amine-reactive reporter 
reagent (here, epoxide-functionalized latex 
particles) . 
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l /\ ^ 

RC— NCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 NH 2 H 2 C-C-CH 2 0— - 

H 

OH OH 
H I I s-^ 

RC— NCH 2 CH 2 OCH 2 CH 2 0CH 2 CH 2 NH-CH 2 -C— CH 2 0— {) 



Steps (d) and (e) can generally be carried out 
together in the same pot. 

The drug-hydrophilic linker-reporter reagent 
conjugates here described can be employed in any known 
immunoassay format that uses a reporter to detect the 
presence and/or amount of a drug, such as quinidine, 
in a test sample. 
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The preferred immunoassay format using the 
drug-hydrophilic linker-particle reporter reagents 
(particle reagents) of the present invention is a 
garticle-finhanced turbidimetric-inhibition immunoassay 
5 (PETINIA) . This immunoassay format utilizes very 

small latex particles (e.g., 70 nm) to which have been 
attached a drug or other compound of interest. When 
viewed with monchromatic light having a wave-length 
(e.g., 340 nm) larger than the diameter of the 
10 suspended particles, e.g., the suspension is 

essentially transparent. Under optimal conditions, 
addition of antibody specific for the drug on the 
particles will cause the particles to aggregate. 
These aggregates are large enough to scatter light, 
IS which causes the suspension to become turbid. When a 
sample containing free drug is included, free drug 
competes with particle-bound drug for antibody, 
thereby inhibiting both the rate and extent of 
aggregation. This provides the basis for quantifying 
20 the amount of drug in the sample. Specifically, the 

quinidine— hydrophilic spacer— particle reagents and the 
anti-quinidine antibodies of the present invention 
enable a rapid, precise and accurate PETINIA method 
for determining the amount of quinidine present in 
25 biological fluids. 

Other examples of known immunoassay formats which 
can be employed using the reporter reagents of the 
present invention include direct agglutination 
particle-based immunoassays, enzyme-linked 
30 immunosorbent immunoassays, and fluorescence-based 
immunoassays . 

The following examples illustrate the invention: 

Example 1 

Synthesis of a Quinidine De rivative (OAD-1) 
35 A 250-mL two-necked flask, equipped with a 

magnetic stirrer, heating mantle, reflux condenser, 
and an inlet and exit for dry nitrogen, was thoroughly 
flushed with dry nitrogen and charged with 13.00 g 
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(0.040 mol) of quinidine (Aldrich Chemical Co., Inc. 
WI), 80 mL chloroform (VWR Scientific, Inc., NJ) , and 
14 mL (0.16 mol) 3-mercaptopropionic acid (Aldrich 
Chemical Co., Inc., WI) . Azobis (isobutryronitrile) 
5 (660 mg; Polysciences, Inc., PA) was added, and the 
mixture refluxed for 12-15 hours. At the end of this 
period and additional azobis (isobutyronitrile) 
(550 mg) was added and the refluxing continued for and 
12-15 hours. 

10 The solution was cooled to room temperature and 

then added dropwise to 700 mL of stirred, anhydrous 
ether. A gummy precipitate separated. The flask was 
cooled in an ice-bath for about 30 minutes, and the 
ether layer then decanted. The residue was extracted 
15 three times with boiling ether (500 mL each time), 

which transformed it to a fine powder (weight, 18 g) . 
Analysis for thiol content indicated that the product 
at this point contained a substantial amount of the 
3-mercaptopropionic acid (3-MPA) salt of QAD-1 : 
20 0.594 pmole of thiol per mg of sample (= 0.0594 mole/ 
100 g) , which corresponds to 73 mole% QAD-1 internal 
salt and 23 mole% QAD-1: 3-MPA external salt. 

The impure product was dissolved in 80 mL of 
chloroform, and the solution covered with 250 mL of 
25 water. A pH electrode was inserted in the aqueous 
layer, the mixture stirred gently, and solid sodium 
bicarbonate added cautiously until the pH stabilized 
at 7.0-7.2. The chloroform layer was separated, dried 
with magnesium sulfate, and added dropwise to 650 mL 
30 of stirred, anhydrous ether. The product separated as 
a fine, white solid and was collected by filtration. 
Weight, 15.3 g. Thiol analysis showed that this 
material contained 0.042 pinole of thiol per mg of 
sample . 

35 The material was now refluxed in 100 mL of 

ethanol for 30 minutes. (Note: it did not dissolve 
completely.) The mixture was then chilled in an ice 
bath for 2-3 hours, and the product collected by 
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filtration. Weight, 11.7 g (75% of theory). Thiol 
content was 0.030 pmole of thiol per mg of sample 
( = 0.003 mole/100 g) , corresponding to a composition 
of 98.7 mole% QAD-1 internal salt and 1.3 mole% 
5 QAD-1:3-MPA external salt. 

QAD-1 can be converted to the 4-toluenesulf onate 
external salt by dissolving it in chloroform and 
adding the solution to a mixture of ethanol and ether 
containing the theoretical amount of 4-toluenesulfonic 
10 acid. 

Example 2 

Preparation of Ouinidine-Protein Con jugates 
Proteins used were keyhole limpet hemocyanin 
(KLH) , rabbit Y"9 lobulin (RalgG) , pumpkin seed globulin 

15 (PSG) , and ovalbumin (all from Sigma Chemical Co., 
Inc., MO). KLH, RalgG and ovalbumin solutions were 
prepared by stirring the protein (150 mg) stirred in 
25 mL of 150 mM sodium bicarbonate solution for 
several hours and centrifuging to. remove any insoluble 

20 material (if necessary) . PSG solution was prepared by 
dissolving PSG (105 mg) in 25 mL of 150 mM sodium 
bicarbonate containing 4M sodium chloride. 

Preparation of a stock solution of QAD-1 
succinimidyl ester. QAD-1 (120.45 mg) , disuccinimidyl 

25 carbonate (78.83 mg) , 3344 \xL of dry dimethylsulf oxide 
and 45 pL of triethylamine were combined in a tared 
vial. The total weight of solution was 3.963 g. The 
solution was allowed to stand at room temperature for 
1.5 hours. The density of the solution, determined by 

30 weighing a lOOO-pL aliquot, was 1.0893 mg/pL. If one 
assumes that the reaction is quantitative, the 
concentration of the QAD-1 succinimidyl ester is 
(120.45 x 1.0893)/(430.56 x 3963) - 7.69 x 
10~ 5 mmol/pL. 

35 Conjugate synthesis. QAD-1 succinimidyl ester 

stock solution was added to each protein solution in 
the quantities indicated: KLH (878 \xL) ; PSG (878 pL) ; 
ovalbumin (878 pL) ; and RalgG (750 \ih) . The solutions 
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were allowed to stand overnight, then dialyzed against 
3 changes of 150 mM sodium bicarbonate and 3 changes 
of phosphate-buffered saline. At the conclusion of 
the dialysis, the solutions had the following 
5 appearance: KLH conjugate, slightly turbid; Y~9 lobul in 
conjugate, contained some precipitate; RalgG 
conjugate, contained much precipitate (due to low salt 
concentration); ovalbumin conjugate, clear. 

Example 3 

10 grief Summary of Immunization and 

Antibody Testing Protocol 
Three sets of five female BALB/c mice were 
injected with three doses of quinidine-KLH conjugate 
and quinidine— rabbit y-globulin conjugate and 
15 quinidine— PSG conjugate, respectively. Each dose 

consisted of the appropriate conjugate emulsified with 
complete Freund's adjuvant on day zero and incomplete 
Freund's adjuvant on days 28 and 56. The mice were 
bled on days 42 and 70 post priming immunization. 
20 Mouse IgG titers to quinidine were determined by 

an ELISA method. Plastic microtiter plates 
(Immulon II, Dynatech, Inc., VA) were coated with 
quinidine-ovalbumin conjugate (6 mg/mL in 0.1 M 
carbonate, pH 9.6), 50 pL/well, at room temperature 
25 for 3 hours and washed 3 times with 10 mM phosphate 
buffered saline (PBS) . Antisera were diluted in PBS 
containing 1% BSA and 0.05% Tween 20 (PBT) (Sigma 
Chemical Co., MO) and incubated with the antigen- 
coated plates for 1 hour at 37 °C. The plates were 
30 washed three times with PBS, and incubated for 1 hour 
at 37 °C with 50 uL/well of anti-mouse IgG rabbit 
immunoglobulin (gamma chain specific) labeled with 
horse radish peroxidase (Zymed Co., catalog 
no. 61-6020, 1:1000 in PBS containing 0.05% Tween 20). 
35 The wells were washed 3 times with PBS, and the 

presence of mouse IgG detected by adding 100 uL/well 
of the peroxidase substrate ABTS (2, 2 ' -azino-di- (3- 
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ethylbenzthiazoline sulfonate) , di ammonium salt) 
(Kierkegaard & Perry Co., MD, catalog no. 50-66-1) , 
allowing to stand for 20 minutes at room temperature, 
and then reading the light absorbance at 405 nm. 
5 Results (see Fig. 1) with serum drawn on day 42 showed 
that all three conjugates elicited the production of 
quinidine-specif ic IgG antibodies after two doses of 
immunogen. (In Fig. l f the abbrevation 1 NMS 1 
signifies non-immune serum, used as a control.) 
10 Reactivity of the mouse sera to free quinidine 

was determined by a particle-enhanced turbidimetric 
inhibition immunoassay (PETINIA) . Latex particles 
having quinidine covalently coupled to their surface 
(quinidine particle reagent; QPR) were prepared using 
15 substantially the same procedure as that described in 
Example 6, below. The quinidine particle reagent 
(QPR) was diluted 1:100 in a buffer solution (PGP 
buffer) consisting of 100 mM phosphate, pH 6.9, 0.4% 
GAFAC RE-610, 4% polyethylene glycol 8000. Pooled 
20 antisera from mice immunized with quinidine— KLH 

conjugate (day 70) and quinidine (Sigma Chemical Co., 
MO; 10 mg/mL in DMSO) were diluted in PGP buffer. The 
assay was initiated by mixing 50 pL of diluted mouse 
serum (1:200) with 200 diluted quinidine particle 
25 reagent (QPR) (1:1000) in wells of a 96-well, flat- 
bottomed microtiter plate. Aggregation of the 
quinidine particle reagent by the mouse serum was 
inhibited by incorporating free quinidine into the 
diluted quinidine particle reagent prior to mixing 
30 with the antiserum. Fig. 2 shows the transmittance 

(%) versus the molar concentration of quinidine in the 
sample. The data demonstrate that mice immunized with 
the quinidine— protein immunogenic conjugates described 
in this invention produce antibodies that bind free 
35 quinidine in solution. 
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Example 4 
Preparation of a MonoBocylated 
Hvdroph^tr Diami ne : Boc-DA-1 0 
A 2-liter flask equipped with mechanical stirrer, 
5 thermometer and dropping funnel and cooled in an ice 
bath was charged with 68 g (0.458 mole) of DA-10, 
230 mL of water, 460 mL of dioxane and 229 mL of 1 N 
NaOH . The mixture was stirred until the temperature 
dropped below 10°C. The solution was stirred 
10 vigorously and Boc anhydride (50 g; 0.22 7 mole) added 
dropwide, while the temperature in the flask was kept 
below 10°C. After the addition was complete, the 
mixture was allowed to warm to room temperature and 
stand overnight. 
15 Most of the dioxane was removed from the reaction 

mixture in the rotary evaporator, which resulted in 
the separation of an oily layer. The mixture was 
adjusted to pH 7 with 1 M sodium bisulfate (about 
730 mL required) and extracted three times with 
20 100 mL-portions of ether. The ether extracts were 
discarded. 

The pH of the aqueous phase was adjusted to 9.4 
with 50% sodium hydroxide solution, 175 g of sodium 
chloride added (approximately half-saturation) , and 

25 the brine solution extracted three times with 100-mL 
portions of chloroform. The pH was readjusted to 9.4 
after each extraction, if necessary. The chloroform 
extracts were combined and dried over magnesium 
sulfate. The chloroform was removed as completely as 

30 possible in a rotary evaporator with the water bath 
temperature allowed to rise to 45 °C as this step 
neared completion. The residue weighed 25.74 g 
(theory = 42.6 g) ; the yield (crude) was 60.4%. The 
amine content as determined by acid titration is shown 
35 in Table 4. 
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TABLE 4 

Acid Titration of Boc-DA-in (in Duplicate! 





Product from Final 


Extraction 




a 


b 


Sample Wt . , mg 


217 


241 


0.0992 HC1, mL 
Actual 
Theory* 


7.689 
8.81 


8.515 
9.78 


Purity**, % 
Yield, Pure 
Basis, % 


87 .3 
52 .7 


86.3 
52.1 



*Theory is the calculated value for pure Boc-DA-10, 
FW = 248,3 

**Impurities consist of traces of chloroform, 
t-butyl alcohol, etc. 



E x a mple 5 

Preparation of a Oiunicfcne-HydrophUic 
Linker conjugate 

5 Method a. Direct Coupling of OAP-1 to DA-1Q 

Stoichiometry : DSC/QAD-1 mole ratio = 1.10; 
DA-10/QAD-1 mole ratio - 3.00. 

Solution 1. QAD-1 (107.65 mg, 0.2500 mmole) and 
disuccinimidyl carbonate (DSC; 70.4 6 mg, 0.2750 mmole) 
10 were placed in a 4-mL vial, 3.0 mL of dry DMSO added, 
and the mixture agitated until everything dissolved. 
Triethylamine (38 was then added and the solution 

to stand at room temperature for one hour. (The vial 
cap was loosened periodically to release any 
15 pressure.) 

Solution 2: A 12-mL vial + cap was labeled and 
tared to the nearest milligram. DA-10 (111.2 mg, 
0.7503 mmole), 1.25 mL of DMSO and a magnetic stirring 
bar were added to the vial . 
20 Solution 3: Solution 2 was stirred vigorously 

and Solution 1 added in discreet drops, allowing each 
drop to mix uniformly before the next one was added. 
The vial was rinsed with four 250-pL aliquots of dry 
DMSO to ensure quantitative transfer, and the final 



27 



WO 97/06166 PCT/US96/12649 

solution stirred for one hour. The magnetic stirring 
bar was raised above the level of the liquid in the 
vial (using an external magnet), rinsed with fresh, 
dry DMSO (1.00 mL total), and then removed from the 
5 vial. The vial and its cap were placed on a balance 
and the total weight of the contents adjusted to 
7.64 6 grams by adding dry DMSO. The quantities of 
reagents were chosen to give a final conjugate 
concentration of about 3 x 10~5 mmol/pL, based on the 
10 assumptions that all reactions are quantitative and 
that the theoretical distribution of mono- and 
disubstituted amines pertains. 
Method P. — Cowling of PAD-! to boc-da-io 
Peprotecting 

15 QAD-l (107.65 mg, 0,2500 mmole) and triethylamine 

(38 pL) were dissolved in 2 mL of chloroform. 
Disuccinimidyl carbonate (DSC; 70.4 6 rag, 0.2750 mmole) 
was dissolved in 2 mL of acetonitrile . [Note: DSC is 
not soluble in chloroform.] The QAD-l solution was 
20 added dropwise to the vigorously stirred DSC solution. 
Stirring was continued for 3 hours after the addition 
was complete, and a solution of Boc-DA-10 (62.08 mg; 
0.2500 mmol) and triethylamine (38 pL) in 2 mL of 
acetonitrile was then added all at once. This 
25 combination was stirred for 3 hours, and then 

evaporated to dryness under reduced pressure. Ten mL 
of a 1:1 methylene chloride/trif luoroacetic acid was 
add to the residue, the mixture stirred for 
30 minutes, and then evaporated to dryness under 
30 reduced pressure. The residue was dissolved in 
8250 \iL of dimethylsulf oxide. The quantities of 
reagents were chosen to give a final conjugate 
concentration of about 3 x 10"5 mmol/pL, based on the 
assumption that all reactions are quantitative. 
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Example 6 

A - Quinidine- Hvdrpphilic Linker-Reporter Reagent 
Conjugate (Ouinidine Particle Reagent; OPR) : 
CQUPlina Of OAD-l-DA-10 Conjugate to Epoxide- 
5 Functionalized Latex Partp C l ftl q 

Definitions: PRM (particle iaw material) is a 
polymer latex in which the particles consist of a 
polystyrene core overcoated with crosslinked 
poly (glycidyl methacrylate) , prepared as described in 
10 U.S. Patent, No. 4,480,042, issued to Craig et al . and 
incorporated by reference. GAFAC is GAFAC RE-610, 
formerly sold by the GAF Corporation, but now 
available from Rhone Poulenc, Collegeville, PA, under 
the name of Rhodafac RE-610. Coupling buffer is 
15 100 mM sodium carbonate/bicarbonate, pH 9.5. Wash 

buffer is 15 mM sodium phosphate containing 1% GAFAC, 
pH 7.4. Storage buffer is 15 mM phosphate containing 
0.5% GAFAC, pH 7.4. 

The following reagents were added sequentially to 
20 a 50 mL test tube reactor: 8.04 mL deionized water, 
10 mL coupling buffer, 3.6 mL PRM (solids content, 
20.3%; particle size, 70 nm), 1.25 mL 10% GAFAC, 
1.8 mL (typically) of quinidine-hydrophilic linker 
conjugate (from Example 5, A or B) , and 0.32 mL of a 
25 aqueous 10% DA-10 solution. The pH of the solution 

was adjusted to pH 9.5 and the reaction tube incubated 
at 70 °C for 18 hours. The resulting 

quinidine-hydrophilic linker— reporter particle reagent 
was separated by centrifugation for 2 hours at 5°C 

30 (Sorvall RC28S, 27500 rpm on F28/13 rotor) . The 
supernatant liquid was decanted and the particle 
reagent pellet suspended in 25 mL of the wash buffer. 
The centrifugation/wash step was repeated twice again 
and the final particle reagent pellet re-suspended in 

35 25 mL of storage buffer. This reagent, designated 
QPR, has a 3% solids content. 
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B. Assay Using Quinidine Particle Reagent (OPR1 
Definitions: Assay buffer is mM phosphate 
buffer, 0.4% GAFAC, pH 7.0, 0.002% thimerosal 
(ethylmercurithiosalicylic acid, sodium salt) (Aldrich 
5 Chemical Co., Inc. Wl) . Particle working solution is 
prepared by diluting quinidine particle reagent (QPR; 
3% solids) 1:80 with assay buffer. Antibody stock 
solution is a purified anti-quinidine monoclonal 
antibody prepared in house, using known standard 
10 hybridoma techniques substantially the same as those 
disclosed by Kohier and Milstein, Nature f 256: 495-497 
(1975) . Antibody diluent is 50 mM phosphate buffer, 
75 mM sodium chloride, 0.1% sodium azide, and 0.05% 
thimerosal, pH 7.0. Antibody working solution is 
15 prepared by diluting antibody stock solution at a 
ratio of 1:80 with antibody diluent. 

The assay was performed and a standard curve for 
determining the concentration of quinidine generated 
using a Cobas® B10 spectrophotometer clinical 
20 instrument (Roche Diagnostics, Inc., NJ) An amount of 
5 pL/test of calibration solutions (quinidine standard 
solutions available from E. I. du Pont de Nemours and 
Company, Wilmington, DE, for use with the aca® discrete 
clinical analyzer system, also available from DuPont) 
25 was loaded onto the sample wheel of the Cobas® 
spectrophotometer. An amount of 240 pL/test of 
particle working solution was loaded into the reagent 
well of the Cobas® spectrophotometer. An amount of 
20 uL/test of antibody working solution was loaded 
30 into the start reagent well of the Cobas 

spectrophotometer. The Cobas was programmed to 
perform the assay at 37 °C. The sample was first mixed 
and incubated with the particle working solution for 
30 seconds. The absorbance at 340 nm was measured and 
35 used as blank. An agglutination reaction was then 
initiated by adding the antibody working solution 
(start reagent) . The endpoint absorbance was measured 
at 220 seconds. The difference in the two absorbance 
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readings constituted the signal generated by the 
sample. Fig. 3 shows a plot of endpoint (EP) 
absorbance (in milliabsorbance units after 220 second) 
versus the concentration of free quinidine (pg/mL) in 
5 the calibrator. 
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What is claimed is: 

1. A quinidine-carrier immunogenic conjugate o 
compounds of the formula: 

CH 3 0 




having a carrier attached at position C-ll. 

2. Quinidine derivatives having the formula 



|- (CH 2 ) X CCX>H 




3. A quinidine-derivative carrier immunogenic 
conjugate of Claim 1 wherein the quinidine derivative 
15 has the formula 



|- (CH 2 ) x COOH 




4 . A quinidine-carrier immunogenic conjugate of 
Claim 1 wherein the carrier is selected from the group 
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consisting of poly (amino acids) , proteins, 
carbohydrates, latex particles, and glycoproteins. 

5. A quinidine-carrier immunogenic conjugate of 
Claim 1 wherein the carrier is selected from the group 

5 consisting of keyhole limpet hemocyanin (KLH) , 
X-globulin, and pumpkin seed globulin (PSG) . 

6. Anti-quinidine antibodies prepared against 
the immunogenic conjugate of Claim 1. 

7 . A quinidine-linker— reporter immunogenic 
10 conjugate in which the quinidine derivative is coupled 
to the linker at the C-ll position of the quinidine 
molecule . 

8- The conjugate of Claim 7 wherein the 
quinidine is coupled to the reporter through a linker 
15 comprising 

-NH (CH2 ) m O (CH2CH2O) n (CH2 ) m NH- 

where m = 2 or 3, and n « 1-10. 

20 9. The conjugate of Claim 8 wherein n « 1 or 2. 

10. The conjugate of Claim 7 wherein the 

quinidine derivative is of the formula 



CH30 



S-<CH 2 ) x COOH 
CH 2 "CH 2 




25 

wherein x = 1 or 2 . 

11. The conjugate of Claim 7 wherein the 
reporter is selected from the group consisting of 
latex particles, fluorophores, chemiluminescent 
30 substances, chromophores, radioactive substances, and 
enzymes. 
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12. The conjugate of Claim 7 wherein the 
reporter is a latex particle. 

13. A monoprotected hydrophilic diamine reagent 
having the structure 

5 

Pr-NH (CH 2 ) m O (CH 2 CH 2 0) n (CH 2 ) m NH 2 

where Pr is an amine-protecting group, m = 2 or 3, and 
n = 1-10. 

10 14. The monoprotected hydrophilic diamine 

reagent of Claim 13 wherein n = 1 or 2 . 

15. The monoprotected hydrophilic diamine 

reagent of Claim 13 wherein the amine-protecting group 

is tert . -butoxycarbonyl (t-Boc) . 
15 16. A process for synthesizing the mono-t-Boc- 

protected hydrophilic diamine reagents of Claim 13 , 

comprising the steps of: 

(a) Reacting di-tert butyl dicarbonate with 
excess hydrophilic diamine in an 

20 aqueous/organic medium in the presence of 

sodium hydroxide; 

(b) Separating the organic phase of the 
medium from the aqueous phase of the 
medium; 

25 (c) Protonating essentially all of the 

residual amine groups by reducing the pH 
of the aqueous phase; 

(d) Adding a water-immiscible organic solvent 
to the aqueous phase to remove nonbasic 

30 material from the product of step (c); 

(e) Adding base to raise the pH of the 
aqueous phase such that at least half of 
the residual amine groups are 
unprotonated; 

35 (f) Adding salt to aqueous phase of step (e); 

(g) Extracting the aqueous phase with a 
water-immiscible organic solvent; 
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(h) Separating the organic phase from the 
aqueous phase; and 

(i) Removing the solvent from the organic 
phase to leave the desired product. 

5 17. An immunoassay for determining the presence 

and/or amount of quinidine in a test sample which 
comprises : 

(a) mixing together a monoprotected 
hydrophilic diamine reporter reagent 

10 having the structure 

Pr-NH (CH 2 ) mO (CH 2 CH 2 0) n (CH 2 ) m NH 2 

where Pr is tert-butoxycarbonyl, the test 
15 sample, and an agglutinating agent, 

following by 

(b) carrying out any known agglutination 
immunoassay format. 
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